Objective: To investigate the expression of Toll-like receptors (TLRs) and the correlation between TLR expression and mucosal changes in chronic sinusitis-related nasal polyposis. Methods: Patients with nasal polyps were enrolled in this study as the study group. The control group consisted of individuals undergoing surgery due to nasal obstruction caused by concha hypertrophy who were not diagnosed with chronic sinusitis-related nasal polyposis (NP). There were 30 patients in the study group (individuals with NP) and 20 patients in the control group. Sterile tissue samples were taken from the patients and were kept at −80˚C. A piece of tissue sample was put into the eppendorf tube. Expression of TLR2 and TLR4 gene was investigated in the tissue samples. The samples were taken after the surgery; they were carried into the liquid nitrogen and were kept at −80˚C before study. Results: TLR2 and TLR4 expression was measured in both groups and then analyzed using Student's t-test. In the experimental group, the level of TLR2 expression was significantly higher than in the control group (P < 0.001); however, TLR4 expression was not significantly different between the two groups (P = 0.656). Conclusion: TLRs are thought to play a role in the etiopathogenesis of NP. In addition, the authors consider that a possible treatment for NP could be a TLR-specific treatment. Thus, in the future it will be essential to determine the extent to which TLRs function in NP formation and to apply this knowledge to design a specific therapeutic regimen for the enhanced treatment of NP.
Introduction
Nasal polyps are benign lesions arising from the mucosa of the nasal sinuses or nasal cavity. Nasal polyposis (NP) occurring in the paranasal sinuses is characterized by basement membrane thickening, edema, fibrous tissue, vessel structures, and mucosal pouches, including glands [1] . NP is a chronic disease that typically occurs in adults and has a high recurrence rate despite treatment. Nasal polyps arising in the mucosal tissue of the medial meatus and anterior ethmoid cells, which protrude into the nasal passage, are benign lesions. Although the etiopathogenesis of nasal polyps is unknown, several hypotheses have been formulated, including allergies, infections, genetics, local immune responses, and anatomic variations, which can lead to osteomeatal complex obstruction resulting in tissue hypoxia. Specifically, genetics is thought to be a major contributor to the recurrence of NP. This is supported by patients who display repeated cases even after adequate surgery [2] . NP recurrence has also been linked to aspirin intolerance and cystic fibrosis, as well as other conditions in which an individual is immunocompromised [3] . Although there are several hypotheses regarding the etiopathogenesis of NP, it is considered a chronic inflammatory disease and is likely a complex process affected by multiple factors [3] .
Toll-like receptors (TLRs) recognize features from bacterial, viral, and fungal pathogens [4] . To date, eleven different TLRs have been identified. In humans, TLRs play a major role in innate and adaptive immunity [5] - [7] . TLRs are expressed in a wide variety of cells such as macrophages and dendritic cells; pathogens are recognized by TLRs when they enter the airway and encounter these innate immune system cells. Upon TLR activation in dendritic cells, a signaling cascade occurs resulting in the induction of cytokine expression as well as antigen presentation on the cell surface [8] . Dendritic cell cytokine production as well as antigen presentation on major histocompatibility complex molecules activates T cells, inducing Th1 or Th2 cell differentiation.
The aim of this study was to investigate the expression of TLRs and the correlation between TLR expression and mucosal changes in chronic sinusitis-related NP.
Materials and Methods
Patients from the Department of Otorhinolaryngology Head and Neck Surgery at Abant Izzet Baysal University (Bolu, Turkey) with nasal polyps arising from the medial meatus and protruding into the nasal passage were enrolled in this study as the experimental group between January 2013 and December 2013. The control group consisted of individuals undergoing surgery due to nasal obstruction caused by concha hypertrophy who were not diagnosed with chronic sinusitis-related NP. Exclusion criteria were the presence of an isolated anterochoanal polyp, unilateral nasal polyps, allergic fungal sinusitis (AFS), asthma, aspirin intolerance, or any other systemic diseases including Crohn's disease, primary immunodeficiency, malignancy, organ transplantation or previous nasal surgery.
There were 30 patients in the experimental group (individuals with NP) and 20 patients in the control group (individuals undergoing septoplasty and concha submucosal resection for nasal obstruction, but not diagnosed with chronic sinusitis or NP). In the experimental group, 18 of the 30 patients were male (60%) and 12 were female (40%). In the control group, 11 of the 20 patients were male (55%) and 9 were female (45%). All subjects were >18 years old but <65 years old, with a mean age of 46.14 years in the experimental group and 31.65 years in the control group. This study was approved by the Abant Izzet Baysal University Clinical Research Ethical Committee. Written informed consent was taken from the participants.
Sterile tissue samples were taken from the patients by endoscopic approach and were kept at −80˚C. A piece of tissue sample was put into the eppendorf tube. Expression of TLR2 and TLR4 gene was investigated in the tissue samples. The samples were taken after the surgery; they were carried into the liquid nitrogen and were kept at −80˚C before study.
Total RNA Isolation and CDNA Construction
Tissue samples size was 1 * 1 cm and the appropriate amount of frozen tissue was 20 mg. RNA isolated from these tissues. High Pure RNA Tissue Kit (Roche Diagnostics. GmbH, Mannheim) was used for the isolation of RNA. The purified and quantity of total RNA is evaluated with spektrofotometric (Nano-Drop, ThermoScientific, ABD). Reverse transcription was performed using (Transcriptor High Fidelity cDNA Synthesis Kit (RocheDiagnostics. GmbH, Mannheim) from 200 ng of total RNA and the combination of anchored-oligo (dT) and random hexamer primers. Samples lacking reverse transcriptase were amplified to control for the presence of genomic DNA contamination.
Real-Time PCR (TLR2 and TLR4)
Commercially available Real Time ready assays for the two selected markers (TLR2 and TLR4) and for the 18 ribosomal RNA housekeeping gene were obtained lyophilized in 384 well PCR plates with forward and reverse primers (60 μM) and fluorescently labeled hydrolysis probes (20 µl) from Universal Probe Library (Roche Applied Science). Gene expression analysis was performed with real-time PCR reactions in a final volume of 15 μl 10 µl using LightCycler® 480 Probes Master, 1 µl Real Time ready Assay and 4 µl diluted sample (5 ng cDNA/ well). The following thermal cycling conditions were applied on the Light Cycler 480 Instrument: enzyme activation and denaturation at 95˚C for 10 min, 45 cycles of amplification: 95˚C for 10 s, 60˚C for 30 s and signal detection at 72˚C for 1 s with detection and cooling at 40˚C for 30 s. Statistical evaluation of RT-PCR results according to evaluate between referans and target ratio.
Statistical Analysis
Statistical analyses were performed with the software package SPSS 21.0. The following tests were used for specific analysis: Frekans analysis was used to assess demographic information, a nonparametric chi-square test was performed for statistical comparisons, a Spearman correlation test was used to make correlations, and the Kruskal-Wallis test was used to analyze comparisons among groups. For all statistical tests, P = 0.05 was considered significant.
Results
Prior to this study, 10 patients from the study group (33.3%) had undergone at least one operation for NP, 27 patients from the experimental group (90%) had used topical medical treatment prior to surgery, and 9 of the patients (30%) had used oral corticosteroids prior to surgery.
In total, eleven patients from the experimental group (36.7%) and five patients from the control group (25%) had an allergy; further, six patients in the experimental group (20%) had bronchial asthma, whereas only one patient in the control group (5%) had asthma. Within the experimental group, two patients (6.7%) had aspirin intolerance compared to zero patients in the control group. TLR2 and TLR4 expression was measured in both groups and then analyzed using Student's t-test. In the experimental group, the level of TLR2 expression was significantly higher than in the control group (P < 0.001); however, TLR4 expression was not significantly different between the two groups (P = 0.656) (Figure 1, Figure 2 ). 
Discussion
Nasal Polyposis (NP) can be diagnosed and treated; however, the etiopathogenesis remains unknown. There are several hypotheses regarding the etiopathogenesis of NP [9] . Suggested related factors included environmental factors, allergies, genetic background, Staphylococcus superantigens, microbial infections, disorders associated with Bernoulli's phenomenon, primary ciliary dyskinesia, Samter's Triad (Fernand Widal syndrome), ChurgStrauss syndrome, cystic fibrosis, and Young's syndrome [10] . Besides, cytokines, growth factors, adhesion molecules, and other factors (e.g., interleukins, chemokines, matrix metalloproteinases, inflammatory cell infiltrates, and nitric oxide) were found to be associated with NP.
Airborne microorganisms are recognized by pattern recognition receptors (PRRs), which are components of the innate immune system in mammals [11] . TLR family proteins are a prime example of PRRs [11] . TLR plays an essential role in recognizing distinct microbial components and triggering a signaling cascade that directly activates other immune cells. TLRs can recognize a wide range of pathogen-associated molecular patterns derived from bacteria, fungi, and viruses.
Patterns of TLR expression have been studied in many different tissues and cell types. TLR2 and TLR4 are expressed in nasal epithelial cells of the upper respiratory tract. The expression of these two genes has been observed to be significantly higher in patients with chronic rhinosinusitis (CRS) compared to those without an infection. Another study demonstrated the mRNA and protein expression of TLRs 2, 3, and 4 in the nasal mucosa of patients with intermittent allergic rhinitis [12] - [14] . Furthermore, an increase in the protein expression of all three of these receptors was observed in the nasal mucosa of individuals following an allergen challenge [15] .
In previous studies, it was noted that TLR mRNA was present in the sinonasal mucosa of CRS patients [16] [17]. Lane et al. [17] reported that patients with CRS expressed significantly higher levels of TLR2 mRNA than healthy individuals. Zhao et al. [18] investigated the expression of TLRs 1 -10 in CRS patients by microarray analysis and detected the upregulation of TLR9 in nasal polyp tissue. In contrast, Zhang et al. [19] revealed that CRS patients with nasal polyps (CRSwNP) expressed significantly more TLR2, TLR4, and TLR7 within nasal polyp tissue compared with nasal mucosal tissues from control subjects and CRS patients without nasal polyps (CRSsNP). They also detected an increase in the expression of interleukin (IL)-4, a cytokine whose expression occurs after TLR activation and the subsequent signaling cascade [19] . These results suggest that CRSwNP exhibit an excessively activated TLR-mediated signaling pathway, which might contribute to the observed inflammation and formation of nasal polyps in CRSwNP. In a study by Hamilos et al. [20] , 12% of CRSsNP had a deficiency in antibody production in response to vaccination or low immunoglobulins, indicating that there may be a humoral immune deficiency in CRSsNP. Collectively, these studies illustrate that CRSsNP are likely to have an innate and/or humoral immunodeficiency. A deficiency in the innate immune system of the nasal mucosa could result in microbial colonization and subsequent chronic inflammation of the airways, which might explain the latency of NP development associated with CRSsNP. The results of the present study also demonstrate a significant increase in the expression of TLR2, TLR4, and TLR7 in nasal polyp tissues from CRSwNP compared to that in nasal mucosal tissues from control subjects and CRSsNP. Previous experimental and clinical studies have suggested that the overexpression of certain TLRs can lead to a more robust immune response to commensal bacteria [17] [18] [21] . In addition, TLR9 expression has been observed to be upregulated in nasal polyps [18] . Similarly, Lane et al. [17] reported that CRS patients had increased levels of TLR2 expression when compared with healthy individuals. Another study suggested that nasal polyps are more sensitive to airborne microorganisms, and, as a result, that the TLR-mediated signaling pathway in nasal polyps is more readily activated than that in normal nasal mucosa. This observation is supported by the significantly increased expression of TLR2, TLR4, TLR7, and IL-4, which are markers of excessive inflammation [19] . These studies suggest that there is likely an increase in microorganisms colonizing nasal polyps, which might result in the increase in TLR expression seen in CRSwNP. In the present study, the increased expression of TLRs in the nasal mucosa of CRSwNP may be related to some of the above mentioned hypotheses. Future studies should explore these hypotheses in greater detail. In this study, it was observed that TLR2 expression was significantly higher in patients with NP compared to control subjects (P < 0.005); however, no difference was seen in TLR4 gene expression between these samples. To date, the treatment of inflammatory diseases has relied solely on broad spectrum inhibitors of inflammatory mediators. These therapies are aimed primarily at treating symptoms, rather than providing a cure. Furthermore, these treatments have to be applied over a long period of time, which can result in negative side effects (e.g., increased infections) as the immune system is temporarily impaired on a large scale. Targeting certain TLRs might provide a more specific target for the treatment of inflammatory diseases. A treatment with increased specificity would reduce nonspecific inhibition of the immune system and reduce side effects; moreover, it may result in curing the disease. To further characterize the distinct functions of each TLR within specific tissues, the use of specific blocking antibodies as well as emerging technologies such as siRNA should be utilized. Additional studies are necessary to determine the role of TLR signaling in specific tissues [22] .
Conclusion
TLRs are thought to play a role in the etiopathogenesis of NP. In addition, the author considers that a possible treatment for NP could be a TLR-specific treatment. Thus, in the future it will be essential to determine the extent to which TLRs function in NP formation and to apply this knowledge to design a specific therapeutic regimen for the enhanced treatment of NP.
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